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INTRODUCTION

The corrosive degradation of aircraft materials exnerienced by Naval aircraft in the
aircraft carrier operating erivircnment is of great interest to the Navy. The corrosive
environment of aircraft aboard carriers deployed in the Western Pacific and the Indian
Ocean is far more seveie than in other industrial agd marine environments (Ref 1).
The environment includes jet engine exhaust producté as well as salt sea spray, high
temperatures and high humidity. The corresion behavior of materials intended for
application on present and fuiure Naval aircraft is being determined. As part of this
effort, a variety of aircraft materials and finishes are being exposed in the Naval
environment of aircraft carrier 1lignt decks.

This report describes the effects of four mor::his of exposure testing on coated cast
magnesium alloys aboard the USS Ranger, during deployment to the Western Pacific
and the Persian Guif. During this short-term depioyment, the overall exposure expe-
rienced by the aluminum control specimens was not severe. However the magnesium
alloys experienced significant corrosion effects, which are described in this report.

EXPOSURE COND!TIONS
EXPOSURE RACK

The rack face was made of expanded steel mesh which was cadmium plated,
chromate conversion coated, and painted with MIL-P-23377 epoxy primer and MIL-C-
81733 polyurethane topcoat. Specimens were insulated from the rack face by nylon
washers and were fastened to the rack face with nylon bolts and nuts. MiL-A-46146
silicone rubber sealant was applied in the bolt holes of the specimens and under the
bolt heads to prevent crevice corrosion. Specimens were exposed at a 45-degree
angle to the vertical.

WEATHER CONDITIONS

Weather reports were coliected from hourly observations made by ship personnel
on Form CNOC 3140/8. From these reports, daily observations at 1200 hrs. and 2400
hrs. were recorded for atmospheric temperature, dew point, relative humidity, wind
speed and sky cover. Table | shows the weekly averages for the atmospheric
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conditions. It is reported that temperatures at the carrier deck level can reach as high
as 140°F(60°C), significantly greater than that of the ambient air.

TEST MATERIALS
ALUMINUM ALLOY CONTROL SPECIMENS

One inch thick aluminum ailoy 7075 T651 plate was machined into step speci-
mens to expose the T/10 plane, with one tenth of the thickness removed, and the T/
2 plane, with one half o7 the thickness removed. One step specimen was overaged to
the T73 temper by heating for 24 hrs at 120°C (350°F), according to the Military
Specification for Heat Treatment of Aluminum Alloys, MIL-H-6088F. The aluminum
alloy exfoliation controt specimans were prepared as fellows:

Degrease

Etch in 5% NaOH at 80°C (176°F), 3 min.
Rinse

De-mut in conc. HNO3, 30 sec.

Rinse in deionized water

Dry in oil free air

2R

MAGNESIUM TEST PANELS

Magnesium block test panels were anodized, coated and provided by General
Electric Co. Preparation and identification of the alloys are shown in Table il. The
center hole was utiiized to support the panels during application of the HAE anodize
and required touch-up prior o resin application. The WE43 alloy panels were touched-
up with Alodyne 1200 (MIL-C-3541) and the QE22 alloy panels with Dow 19. The
epexy resin sealer was appliec at the GEAE Quality Engineering Laboratory by GE
persorinel.

Inco 718 boits, A-286 nuts and aluminum (A356) blocks were provided with the
test panels to test the effects of contact with dissimilar materials. A masked off area
around the center hole, was not painted on the unsealed QE22 and sealed WE43
panels. This urea was the surface where the aluminum blocks interfaced. The
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appearance of the magnesium alloy test specimens prior to shipboard exposure is
shown in Figure 1 (second from the right) and Figure 2 (second from the left). Note the
aluminum blocks attached to the top and bottom specimens. From top to bottom, the
specimens are DF1471-3, DF1440-1, DF1312-3 (Figure 1) and DF1312-4, DF1440-
2, DF1471-4 (Figure 2). Specimens 1312 are WE-43 magnesium alloy and speci-
mens 1471 and 1440 are QE-22.

RESULTS AND DISCUSSION

All shipboard exposed specimens were covered with a thin, gray film upsn refumn.
The analysis of similiar films, from previous exposures, indicated the film consisted
primarily of MIL-L-23699 engine oil deposits with some sulfur (Ref 3). The resuiis of
the shipboard exposure tests are given in Table Ill. There was a small but nioticeable
amount of exfoliation on the T/2 plane of the 7075-T651 specimen. This was to be
expected because the environmental exfoliation conditions were less severe than
previous deployments and the exposure time was shorter than for other deployments
(Ref 3). By comparison, the 7075T73 control showed only a small amount of pitting
and general corrosion, demonstrating the improved corrosion resistance of the
overaged (T73) condition. The important indications from the magnesium blocks were
that even for a relatively mild exposure, the unprotected areas showed severe
corrosion.

The appearance of the magnesium blocks after exposure may be seen in Figures
3 and 4, in the same relative positions shown in Figures 1 and 2. General corrosion
through the coating is shown in Figure 5, with severe attack along the scribe marks of
the unsealed specimen DF 1471-3. Attack on the unsealed area and galvanic attack
under the aluminum block is also seen on this specimen, shown in Figure 6. The
same alloy with epoxy resin seal and glyptal was not corroded, except in the scribe
marks, shown in Figure 7.

it appears that both cast magnesium alloys (QE-22 and WE-43) must have a
sound epoxy resin surface seal even tholgh anodized and painted, in order to avoid
corrosive attack. Any darnage tc the coating results in rapid corrosion, even during a
relatively mild deploymernit.
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CCNCLUSIONS

1. Magnesium alloys QE-22 and WE-43 experience rapid corrosion in the carrier
environment.

2. Magnesium alloys must be sealed and coated to avoid corrosion damage. Any
damage to the coating will result in severe corrosion attack even for short
deployment duration.

3. The 7075 T6 aluminum alloy (peak aged) shows some exfoliation starting on rid
plane. The 7075 T73 (over aged) shows no exfoliation.
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Table I. Atmospheric Conditions — Weekly Averages.

Atmos. Dew Pt. Relative Average* Average Wind
Week | Temp 'C °C Humidity Sky Cover Speed (Knots)
1 25 22.8 87 8 22
2 27.2 22.2 74 8 16
3 23.3 15.6 62 7 14
4 222 18.6 81 6.5 11
5 22.2 17.2 73 8 18
6 21 15 68.6 9 14
7 18.6 9.05 53.4 8.5 21
8 18.6 11.3 62.2 9 11
9 19.2 14.2 72.8 8 14
10 14.2 8.5 69 6 21
11 19.8 14.1 73 8 15
12 20.2 14.6 71.4 9 14
13 22.6 18 748 7 11
14 18.3 13.3 73 7.8 10
15 24 18.7 73 6.8 17
16 24.4 19.4 74 7.8 11
17 284 24.7 80 8.2 9
18 28.7 25.6 83.2 9 10
19 26.1 22.8 82 6.3 11
20 26.5 23.6 84 6 9
21 27.3 23.9 82 8 12
22 243 214 84 8 20

*On a scaie of 1 to 10, 1 indicates clear skies and 9 indicates total cloud ccver.
10 indicates thunderstorms.

(&3]
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Table Il. Magnesium Test Panels For Shipboard Exposure.

Ident. No. Alloy Treatment
DF1471-3, 4 QE 22 Thin H.A.E. anodize + 2 coats Glyptal-S paint
DF1440-1, 2 QE 22 Thin H.A.E. anodize + Surface Seal* + 2 coats

Glyptal-S paint

DF1312-3, 4 WE 43 Thin H.A.E. anodize + Surface Seal* + 2 coats
Glyptal-S paint

*Araldite 961 resin applied by dip technique (3 coats) in accordance with MEI
DATA SHEET 200A (Ref. 2).
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Table Ill. Evaluation Of Test Panels.

Corrosion Condition

Specimen (Summary of 4
ID Material Description Independent Evaluations)
DF 1312-4 WE-43 Mg | SFC Seal + Glyptal Pitting of Al fitting — no
galvanic corrosion
discernible
DF 1440-2 QE-22 Mg SFC Seal + Glyptal No pitting — looks good
DF 1471-4 QE-22 Mg Unsealed + Glyptal Pitting of Al fitting with
obvious galvanic corrosion
at base of fastener
DF 1471-3 QE 22 Mg Unsealed + Glyptal Pitting of Al fitting with
scribed galvanic effects at base,
but not at fastener; coating
at scribe in base severely
corroded
DF 1440-1 QE 22 Mg SFC Seal + Glyptal Nct as bad as DF 1471-3 —
scribed corrosion at scribe
DF 1312-3 | WE-43 Mg | SFC Seal + Glyptal Tiny amount of corrosion at
scribed scribe — no galvanic
effects noted
CONTROL 7075 T6 Step 1/2", 1" Exfoliation started on mid
Aluminum plane; no corrosion on top
plane
CONTROL 7075 T 73 Step 1/2", 1" No corrosion on
Aluminum top plane; Pitting plus

general corrosion on
mid-plane
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Figure 1. Magnesium Test Blocks Prior To Shipboard Exposure.
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Figure 5. Magnesium Specimen DF 1471-3 Unsealed (3X).

Figure 6. Magnesium Specimen DF 1471-3 Unsealed (3X).
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Figure 7. Magnesium Specimen DF 1440-1 Sealed (3X).
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